Some disadvantages associated with conventional brick masonry are: high cost of construction, lower compressive strength and less durability. In order to resolve these problems, a new technique of constructing walls using large size baked clay blocks is introduced. For this purpose, clay blocks of size 150 mm × 300 mm × 1980 mm were cast at a pressure of 6 MPa, and fired at a temperature of 700˚C. In this paper, compressive strength and tensile strength of baked clay were investigated in order to find its suitability as a walling material for low cost houses. Cubes of 150 mm sides were tested in compression and the beams were tested in flexure. The results showed that compressive strength of baked clay cubes was found to be 10 MPa and tensile strength, in terms of modulus of rupture, was found to be 2.3 MPa. Since the baked clay blocks are larger in size than traditional bricks, it is inferred that the blocks could be used as a cheaper and stronger walling material.
Introduction
Developing countries like Pakistan are experiencing more population growth and have limited resources to meet housing crisis for low income people. Main structural elements of a building are: footing, column, wall, beam and slab. Of these elements, walls require more than 50% of total material of building construction. Traditionally, baked clay bricks are used as a material of construction of walls. But, brick masonry has some drawbacks such as: 1) it requires more quantity of cement mortar, plastering material and more labour cost, and 2) compressive strength of a masonry wall is generally less as compared to that of individual bricks.
Compressive strength of baked clay is dependent upon compaction at the time of casting [1] , and firing temperature [2] - [4] . But, the bricks are generally cast without compaction and are fired at 1000˚C in a kiln. Firing of bricks at this temperature requires more fuel, resulting in the increase of the cost. The cost of mortar and labour incurred in brick masonry may be reduced if large baked clay blocks of uniform size are used instead of bricks. Generally, cost of fuel used for firing commercial baked clay bricks is considered to be major part of the total cost of manufacturing. In addition, the cost of firing could be reduced by compacting the clay blocks and baking them at relatively less temperature. If the width of clay blocks is kept equal to that of a masonry wall, there may be no need of plastering and colouring. Moreover, these compacted baked clay blocks may be used as lintels over small openings of doors and windows. If the span of an opening is more, then these baked clay blocks can also be reinforced before using as lintels. Therefore, besides compressive strength, tensile strength in terms of modulus of rupture of baked clay blocks is required to be investigated.
Previous studies have been conducted to explore potential of baked clay beams as a substitute of Reinforced Cement Concrete, see e.g., references [5] - [12] . Compressive strength as high as 38 MPa, was achieved when these clay blocks compacted at 7.2 MPa were fired at the temperature of 1000˚C [1] . The average compressive strength of fired bricks manufactured in Sindh, Pakistan is about 12 MPa [13] . In general, the compressive strength of masonry is about one-fourth of an individual brick [14] . The object of this study is to investigate suitability of baked clay blocks fired at a temperature of 700˚C to be used as a walling material instead of traditional brick masonry. No such study is reported in the literature.
Materials and Methods

Casting of Baked Clay Blocks
Indigenous clay and pit sand were mixed in a ratio of 70:30 by weight. Twenty-two percentage of potable water was added in the mixture which was mixed well in a pan mixer for fifteen minutes. This moist mixture was covered with plastic sheet. Clay blocks of size 150 mm × 300 mm × 1980 mm were cast in a steel mould. The blocks were cast in five equal layers. Each layer was tamped and spray of water was applied to achieve bond between consecutive layers. The blocks were compacted, at a pressure of 6 MPa, with the help of wooden plunger of the Mechanized System (Figure 1 ). The details of the Mechanized System can be found in the reference [15] written by the authors.
These blocks were demoulded after casting and allowed to dry in shade. During, the process of drying, these beams were covered in a plastic sheet to control the rate of evaporation in order to reduce the possibility of cracking and warping. After drying in shade, the clay blocks were sun-dried for two days. These sun-dried clay blocks were fired in a potter's kiln present in the laboratory. The temperature of firing chamber of the kiln was checked with the help of thermocouple. The temperature of the kiln was increased slowly to 200˚C and then it was maintained for six hours. Then the tempera-ture was increased in increments, each of 50˚C. Each increment of the temperature was maintained for half an hour. Finally, the temperature was increased to 700˚C and maintained for three hours. During whole process of firing, the lid of the kiln was slightly opened in order to allow the steam and moist flue gases to escape. Then, the firing was stopped and the blocks were allowed to cool slowly. Figure 2 shows a baked a clay block after firing.
Testing Programme
Cubes having standard size of 150 mm [16] were cut from these baked clay blocks and tested for compression in Universal Testing Machine as shown in Figure 3 . The beam prisms having size of 150 mm × 150 mm × 760 mm were also sawed from the baked clay blocks. These beam prisms were tested in flexure in accordance with ASTM C42M [17] and ASTM C293M [18] . The beams were supported on rollers at the ends and load was applied at mid span ( Figure 4) . The effective span of the beam during test was 600 mm. The modulus of rupture was calculated by using the following relation [18] :
where R is the modulus of rupture in MPa, P is the maximum applied load in Newton, L is the span length in mm, b and d are the average width, and depth of the specimen in mm, respectively. In order to compare modulus of rupture of baked clay with concrete, following formula was used [18] : 
Results and Discussions
Compressive Strength of Baked Clay Cubes
Five cubes of 150 mm size were tested in Universal Testing Machine. The average compressive strength of the cubes was found to be about 10 MPa. As mentioned in the introduction that the compressive strength of brick masonry used locally in the region where this study was conducted is about 3 MPa. If large baked clay blocks as described in this paper are to be used as a walling material, compressive strength of the wall may not decrease to the magnitude exhibited by the brick masonry. This is because, the size of the baked clay blocks is very large as compared to a traditional brick, resulting in less mortar joints and improved compressive strength. This implies that the use of large sized compacted baked clay blocks as a walling material may result in strong and economical construction of houses.
Modulus of Rupture
Beam prisms having size of 150 mm × 150 mm × 760 mm were sawed from these compacted baked clay blocks. These beams were tested with single point load applied at mid span. The beams were simply supported at their ends during the test. The results of the above plain baked clay beams tested in flexure are presented in Table 1 . The average value of modulus of rupture of baked clay beams was found to be 2.3 MPa. The value of modulus of rupture, according to ACI code ACI 318-11 [19] for normal weight concrete, is 3 MPa. Thus, the average value of modulus of rupture of baked clay beams fired at 700˚C is about 75% of the corresponding value of the normal weight concrete. The modulus of rupture depends upon compressive strength of a material. As stated above, the compressive strength of baked clay can be improved by the application of compaction at the time of casting [1] . Since the modulus of rupture of normal weight concrete is usually taken as 15% of its compressive strength. However, the tensile strength exhibited by concrete is not taken into consideration in design. Generally, steel bars are provided to make concrete stronger in tension. It can be concluded that like concrete, the tensile strength of the baked clay fired at 700˚C can be improved by using reinforcement.
Conclusions
In this paper, it was investigated whether large baked clay blocks could be used as walling material instead of brick masonry. The following conclusions can be drawn:
1) The average cube crushing strength of the baked clay, compacted at 6 MPa and fired at 700˚C, was found to be 10 MPa.
2) The average value of the modulus of rupture of baked clay beams was found to be 2.3 MPa, which is about 75% of the corresponding value of the normal weight concrete.
3) This study suggests that the compacted baked clay blocks could serve as an economical and stronger walling material as compared to brick masonry.
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